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PLANARL^AIION FILMS FOR ADVANCED mCROELECTRONIC 
APPLICATIONS AND DEVICES AND METHODS OF PRODUCTION THEREOF 

To meet the r^uirements for faster performance, the characteristic dimensions' of 
features of integrated circuit devices have continued to be decreased. Manufacturing of 
devices With smaller feature sizes introduces new chaUenges in many of the proc<L 
conventionally used in semiconductor fabrication. One of the challenges of producing 
mrcroelectronic devices and using them in various applications is the global planarization of a 
surface havmg a non-planar surface topography. 

Planarization of a surface generally comprises utilizing one or both of two different 
actions: a) adding to the surface, or b) subt^cting fiom the surfece. TT,e action of subtracting 
from the surface usually n:eans that the surface is polished or otherwise physically or 

chemrcally etched in order to remove any unwanted surface topographyand minimize/remove 
any gaps. Tb. action of adding to the surface usually means adding another layer to the 

surfece topography to fill any gaps and create a smooth surfece. 

Planarization by addition is not satisfactory where tiie fihn thickness measured at the 
^en field area is substantially greater ti.an ti.t at the surface of the topography. If the fihn 
thickness difference between ti,e topography and open field area is too large, a high risk of 
yield loss at the final device develops. One of the polymer solutions that experiences some 
problems when comparing ti.e fihn thickness measured at the open field area to that at the 
surface of ti« topography is a novolac-based polymeric solution. Novolac-based polymer 
so utons contemplated herein at. those disclosed in US Issued Patents: 6.506,83 1 ; 6,506.441 • 
6.517,951; US Patent Application Serial No.: 10/299,127 and related and corresponding 
forer^ and POT applications, including PCr/US99/30296, which are all incorporated hei.in 
m tiien: entirety and are commonly owned and assigned to Honeywell International Inc. Other 
contemplated novolac-based polymer solutions are those disclosed in ti,e following 
«ferences: Rahman et al. (US 5.853.954 and US 5.910.559); Malik et al. (US 6.027 853)- 
Allen et al. (SPIE Vol. 2438. pp. 250-260); Tsiartas et al. (SPIE Vol. 2438. pp. 261-271) or 
Suensky et al (US 5.413.894). which are aU incorporated herein by reference 
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In order -to improve the gajvfilling and planarization abilities of a solution that 
compnses monomers or other non-polymer species and/or a polymeric solution, the solution 
should be modified in order to modiiy the viscosity and the surface energy of the solution In 
several cases, it is beneficial to lower both the viscosity and the surface energy in order to 
. optimize the gap-fiUing and planarization properties. One way to modify the polymeric 
solution is to modify and/or replace the solvent solution. For exarnple. in a novolacW 
polymeric solution, a strongly hydrogen-bonding solvent is used to dissolve the surfactant that 
IS added to the polymeric solution. In.one instance, the strongly hydrogen-bonding solvent is 
ethyl lactate and the sutfectant is a fluoioaliphatic polymeric ester surfactant. For this case 
the strongly hydrogen-bonding solvent can be replaced by a absolvent system comprising an' 
alcohol, such as 2-propanol and propylene glycol methyl ether acetate (PGMEA). Without 
bemg bound to any particular theory, it is beHeved that the solubilify of fluoroaliphatic 
polymeric ester surfectant in 2-propanoI is similar to that of PGMEA however superior to 
ethyl lactate. In addition. 2.propanol possesses weaker intermolecular forces and lower 
surface tension than ethyl lactate. The capUlary flow in narrow trenches is affected by the 
molecular structure and associated electrical charge. Representing integral effects of sm^e 
forces, the apparent viscosity of moderately polar 2.propanoI decreases fiom its nominal 
value at narrow trench regime, where the ratio between apparent and nominal viscosity for 
ethyl lactate is larger than that of 2-propanoI. Addition of PGMEA to 2-propanol in the co- 
solvent system for the surfectant reduces the evaporation rate difference between 2-propanol 
and bulk PGMEA used for cresol-novolac resin dilution. 

As used herein, the temi "monomer" refers to any chemical compound that is capable 
of fomimg a covalent bond with itself or a chemicaUy different compound in a repetitive 
manner. The repetitive bond formation between monomers may lead to a linear, branched 
super-branched, or three-dimensional product. Furthemiore, monomers may themselves 
comprise repetitive building blocks, and when polymerized the polymers formed from such 
monomers are then termed "blockpolymers". Monomers may belong to various chemical 
classes of molecules including organic, organometallic or inorganic molecules The 
molecular weight of monomers may vary greatly between about 40 Dalton and 20000 Dalton 
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However, especially when monomers comprise^^p^tive building blocks, monomers may 
have even higher molecular weights. Monomers may also include additional groups, such as 
groups used for crosslinking. 

Contemplated solvents are those that include any suitable pure or mixture of organic 
n^olecules that are volatilized at a desired tempemture and/or easUy solvates the chosen 
surfactants, polymers and/or other molecules discussed herein. Contemplated solvents are 
also those solvents that can. alone or in combination, modify the viscosity and surfece energy 
of the solution in order to improve the gai^filling and planarization properties. TT,e solvent 
may also comprise any suitable pure or mixture of polar and non-polar compounds. As used 
herein, the term "pure" means is composed of a single molecule or compound. For example 
pure water is composed solely of H,0. As used herein, the terin "mixture" means thai 
component that is not pure, including salt water. As used herein, the term "polar" means that 
characteristic of a molecule or compound that creates an unequal charge, partial charge or 

spontaneous charge distribution at one point of or along the molecule or compound. As used 
herem. the term "non-polar" means that characteristic of a molecule or compound that creates 
an equal charge, partial charge or spontaneous charge distribution at one point of or along the 
molecule or compound. 

A layered component is also contemplated herein and comprises: a substrate having a 
surfece topography; a planarization solution and/or fihn as described herein, wherein the fihn 
and/or material is coupled to the substrate; and optionally at least one additional layer of 
material or fihn. Contemplated coating materials, coating solutions and films can be utilized 
are usefiil in the febrication of a variety of electronic devices, micro-electronic devices 
particularly semiconductor integrated circuits and various layered materials for electronic and 
semiconductor components, including hardmask layers, dielectric layers, etch stop layers and 
buried etch stop layers. TTiese coating materials, coating solutions and fihns are quite 
compatible with other materials that might be used for layered materials and devices, such as 
adamantane-based compounds, diamantane-based compounds, sUicon-core compounds 
orgamc dielectrics, and nanoporous dielectrics. Compounds that are considerably compatible 
with the coating materials, coating solutions and films contemplated herein are disclosed in 
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PCT Application PCT/USOl/32569 filed October 17. 2001- PCX Annlic,« 
PCT/USOl/50812 filed December 31 2001- m a - Application 
iea December 31. 2001; US Apphcadon Serial No. 09/538276- US 

Apph^tion Serial No. 09/544504; US Application Serial No. 09/587851; US Patent 

> Senal No. 60/350187 filed Wary 15. 2002; and US 60/347195 filed January 8. 20^. whil 
are aU incorporated herein by reference in their entirety. 

Surfaces contemplated herein may comprise any desirable substantially solid material 
such as a substiate. wafer or other suitable sur^ce. Some contemplated surfaces comprise 
non-planar surfece topography and other contemplated surfaces have already been planarized. 
Particularly desirable substrate layers would comprise films, glass, ceramic, plastic, metal or 
coated riietal. or composite material. Surface and/or substrate layers comprise at least one 
layer and m some instances comprise a plurality of layers. In preferred embodiments, the 
-Astratecomprisesasilicpn or germanium arsenide die or wafer s^^^^^ 
such as found in a copper, silver, m-ckel or gold plated leadfiame. a copper surface such as 
found m a circuit board or package intercomiect trace, a via-wall or stiffener interface 
( copp^- mcludes considexations of bare copper and its oxides), a polymer-based packaging 
or board inteifece such as found in a polyimide-based flex package, lead or other metal alloy 
solder ball surfece. glass and polymers such as polyimide. m more preferred embodunents 
the substrate comprises a material common in the integrated ciixmit industries as well as the 
pack^g and circuit board industries such as silicon, copper, glass, and another polymer. 
Suitable surfaces contemplated herem may also mclude another previously formed layered 
stack, other layered component, or odier component altogether. An example of this may be 
where a dielectric material and CVD barrier layer are first laid down as a layered stack - 
which IS considered the "sui&ce" for the subsequently spun-on layered component. 
^ At least one layer is coupled to the surfece or substrate. As used herein, the term 
coupled means that the surface and layer or two layers are physically attached to one 
anodier or there's a physical attraction between two parts of matter or components. mCuding 
bond forces such as covalent and ionic bonding, and non-bond forces such as Van der Waals 
electrostatic, coulombic. hydrogen bonding and/or magnetic attraction. Also, as used herem' 
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*e y coupled is mean, ,„ encompass . si«ad„n where U„ s„^ nnd lay,, or t«o l>y^ 

«^ suH^ and U.e .aye, or p.nra„,y of U^. a. conpW .„ one ano*.r 
^ « ^c^ ^ U.e„.s an adhesion prom„,er ,a,er benveen «,e s»ftc and UyJor 
5 "'-"-•'-'.^.ayerai.ogeta^nftesurf^eandia^orpinraH.yofU^ 
As used he«in. fte te™ ..,ow dielecrtc constant" n>e«,s a dielectric constant 
--.d a. . Kffl. .o . OH. unless otherwise inconsistent ^ ^ con.^^ 

of the dieieotric constant „f a ,„„ die,ec«c constant n^teHa. or hyer is less 
^ahon. 3. In a preferred embodiment, the value of a low di.ieetHc constant rLerial or 
10 .a,«. less than about 2.5. ^ a more preferred embodiment, the value of a dielecMc 
<»n«ant material or hyer is less than about 2. ■""<«mc 

comn.TT'"' ""^^ inorjanio^ased 

cot^umls. such as siUcon-based disclosed in commonly assigned US Pat«« 6.143 855 and 

.5 NAN0OLASS« and HOSP* pr„dt».s). gaUium-based. germamum-based. arsenio-.IL 
Wbased oompomKb or combmations thereof, and org^o-based compounds, such as' 
polyethers. polyarylene ethers disclosed to commonly assigned US Paten. 6,124.421 (such as 
in ^ product,, polyimides. polyesters and adamantane-based „ cage-^^ 
c^mpounds^sclosed in commonly assigned WO 01/781.0 and WO O.A,8308 (such as 

.0 HoneyweU OXO- product. Tie dielectric and low die.ec.ric mateHais may be applied by 

^"--.g the m^erial on to smftee. romng the materia, on to the surfi^e. dH^^^ 
ma.m.1 on to the su.ftce.and/dr spreading the m«erial on to the surfeoe. 

The l^d componem contemplated herein may also comprise a diflusion blocking 
^ that . no. on the component m the fonn of a layer, but is instead being used to 
. -bio*- any ..^vidua. pores/voids and no. to cover the entire underlying layer, h, son! 

the diatsion hloc^g material vri.1 .ea« „i«. .he underlying low 1= diele!:^ 
.. layer and in ote embodm»n«. It. difltaion ^^^^ ^„ 

thflus-o. blockmg tayered component contempl«ed may eonsis. of a densifled layer of the 
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low k material or contain phase separated elements of the low k material densified in:s«ch a 
-anner as to block difinsion of species. Difiusion blocking materials, such as those 

7m^7. r? commonly-owned US Provisional Application 

60/385482 filed on June 3. 2002, which is incorporated herein in its entirety. 

' ^^^^^■""'"^teriaJs may be utilized in additional layers ofthe layered component 

Several of the contemplated spin-on materials are described in the following issued patents 
and pendmg applications, which are herein mcorporated by reference in flieir entirety- 
(PCT/USOO/15772 filed June 8. 2000; US Application Serial No. 09/330248 filed June 10 
1999; US Application Serial No. 09/491166 filed June 10. 1999; US 6^65,765 issued on 
Apnl 2. 2002; US 6.268.457 issued on July 31. 2001; US Application Serial No. 10/001143 
filed November 10. 2001; US AppUcation Serial No. 09/491166 filed January 26 2000- 
PCT/USOO/00523 filed January 7, 1999; US 6,177.199 issued January 23 2001- US 
6.358.559 issued March 19. 2002; US 6,218.020 issued April 17. 2001; US 6,36'l.820 i^ued 
March 26, 2002; US 6,218.497 issued April 17, 2001; US 6.359.099 issued March 19 2002- 
US 6,143.855 issued November 7, 2000; and US Application Serial No. 09/611528 filed 
March 20, 1998). 

Solutions of organohydridosiloxane and organosiloxane resins can be utilized for 
formmg caged siloxane polymer fihns that are usefirl in the fabrication of a variety of 
electromc devices, micro-electronic devices, particularly semiconductor integrated circuits 
and various layered materials for electronic and semiconductor components, including 
hardmask layers, dielectric layers, etch stop layers and buried etch stop layers These 
organohydridosUoxane resin layers are quite compatible with other materials that might be 
used for layered materials and devices, such as adamantane-based compounds, diamantane- 
based compounds. siUcon-core compounds, organic dielectrics, and nanoporous dielectrics 
Compounds that are considerably compatible with the organohydridosiloxane resin layers 
contemplated herein are disclosed in PCT AppUcation PCT/USO 1/32569 filed October 17 
2001; PCT Application PCT/US01/50812 filed December 31. 2001; US Application Serial' 
No. 09/538276; US AppUcation Serial No. 09/544504; US Application Serial No. 09/587851- 
US Patent 6.214,746; US Patent 6.171,687; US Patent 6,172.128; US Patent 6,156.812 US 
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Application Serial No. 60/350187 filed Januao' 15. 2002; and US 60/347195 filed January 8. 
2002, which are all incorporated herein by reference in their entirety. 

Organohydridosiloxane resins utilized herein have the foUowing general formulas: 

5 {H-Si,.s]„[R-SiO,.s]m Formula (1) 

[Hoj-Sii J . , .8]n[Ro.5.i.o-SiO|,5 . Formula (2) 

[Ho.i.o-Sii.5]n[R-SiOi j]„ Formula (3) 

[H-Si,.5]x[R-SiO,j]y[Si02]a Formula (4) 

10 wherein: 

the sum of n and m, or the sum or x, y and z is fix>m about 8 to about 5000, and m or y 
is selected such that carbon containing constituents are present in either an amount of less 
than about 40 percent (Low Organic Content = LOSP) or in an amount greater than about 40 
percent (High Organic Content = HOSP); R is selected from substituted and unsubstituted, 
15 normal and branched alkyls (methyl, ethyl, butyl, propyl, pentyl). alkenyl groups (vinyl, allyl.' 
isoprop'enyl), cycloalkyls. cycloalkenyl groups, aiyls (phenyl groups, benzyl groups.' 
naphthalenyl groups, anthracenyl groups and phenanthrenyl groups), and mixtures diereofi 
and wherein the specific mole percent of carbon containing substituents is a function of the 
ratio of the amounts of starting materials. In some LOSP embodiments, particularly favorable 
20 results are obtained with the mole percent of carbon containing substituents being in tiie range 
of between about 15 mole percent to about 25 mole percent. In some HOSP embodiments, 
fkvorable results are obtained with the mole percent of carbon containing substituents are in 
the range of between about 55 mole percent to about 75 mole percent. 

Nanoporous silica dielectiic fihns with dielectric constants ranging from 1.5 to about 
25 3.8 can be also as at least one of the layers. Nanoporous silica compounds contemplated 
herem are Uiose compounds found in US Issued Patents: 6.022.812; 6.037.275; 6.042 994- 
6.048.804: 6.090.448; 6.126.733; 6.140.254; 6.204.202; 6.208,041; 6.318.124 and 6.319 855* 
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These types of films are laid down as a silicon-based pi^or. aged or condensed in the 
presence of water and heated sufficiently to remove substantially aU of the porogen and to 
form voids in the film. n,e silicon-based precursor composition comprises monomers or 
prepolymers that have the formula: R,-Si-L,, wherein R is independenUy selected from alkyl 
5 groups, aryl groups, hydrogen and combinations thereof. L is an electronegative moiety, such 
as alkoxy. carboxy. amino, amido. halide. isocyanato and combinations thereof, x is an integer 
ranging from 0 to about 2. and y is an integer ranging from about 2 to about 4. Other 
nanoporous compounds and methods can be found in US Issued Patents 6,156 812- 
6.171.687; 6.172.128; 6.214.746; 6.313,185; 6,380,347; and 6.380.270. which are' 
1 0 incorporated herein in their entirety. 

The phrases "cage structure", "cage molecule", and "cage compomid" are intended to 
be used interchangeably and refer to a molecule having at least 10 atoms arranged such that at 
least one bridge covalently connects two or more atoms of a ring system In other words, a 
cage structure, cage molecule or cage compound comprises a plurality of rings formed by 
covalently bound atoms, wherein the stmcture. molecule or compound defines a volume such 
that a point located with the volume can not leave the volume without passing through the 
ring. The bridge and/or the ring system may comprise one or more heteroatoms. and may be 
aromatic. partiaUy saturated, or unsaturated. Further contemplated cage structures include 
ftllerenes, and crown ethers having at least one bridge. For example, an adamantane or 
diamantane is considered a cage stmcture. while a naphthalene or an aromatic spirocompound 
are not considered a cage structure under the scope of this definition, because a naphthalene 
or an aromatic spirocompound do not have one. or more than one bridge. 

Contemplated cage compounds need not necessarily be limited to being comprised 
solely of carbon atoms, but may also include heteroatoms such as N. S. O. P. etc. Heteroatoms 
may advantageously introduce non-tetragonal bond angle configurations. With respect to 
substituents and derivatizations of contemplated cage compomids. it should be recognized that 
many substituents and derivatizations are appropriate. For example, where the cage 
compounds are relatively hydrophobic, hydrophilic substituents may be introduced to increase 
solubility in hydrophilic solvents, or vice versa. Alternatively, in cases where polarity is 
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desired, polar side groups may be added to the cage compound. It is further contemplated that 
appropnate substituents may also include thexmolabile groups. nucleophiUc and electrophilic 
groups. It should also be appreciated that functional groups may be employed in the cage 
compound {e.g., to facilitate crosslinldng reactions, derivatization reactions, etc) Where the 
> cage compounds are derivatized. it is especially contemplated that derivatizations include 
halogenation of the cage compound, and a particularly preferred halogen is fluorine. 

Cage molecules or compounds, as described in detail herein, can also be groups that 
are attached to a polymer backbone, and therefore, can form nanopoious materials where the 
cage compound forms one type of void (intramolecular) and where the crosslinldng of at least 
one part of the backbone with itself or another backbone can form another type of void 
(mtermolecular). Additional cage molecules, cage compounds and variations of these 
molecules and compounds are described in detail in PCT/USOl/32569 filed on October 18. 
2001, which is herein incorporated by reference in its entirety. 

As mentioned earlier, some additional layers may comprise a plurality of voids and/or 
pores m one or aU of the dielectric layers or low dielectric constant layers. This plurality of 
voids can also be expressed by using the phrase "nanoporous layer". As used herein, the tenn 
"nanoporous. layer" refers to any suitable low dielectric material (i.e. < 3.0) that is composed 
ofa plurality of voids and a non-volatile component As used herein, the term "substantially" 
means a desired component is present in a layer at a weight percent amount greater than 5Wo 
As used herein, the word 'Void" and/or "pore" means a volume in which mass is replaced 
with a gas. Appropriate gases im^lude relatively pure gases and mixtures thereof, including 
air. It IS contemplated that any one of the spin-on layere may comprise a plurality of voids 
Voids/pores may have any suitable shape. Voids may be spherical, tubular, lamellar 
discoidal. or other shapes. It is also contemplated that voids may have any appropriate 
diameter. It is fiuther contemplated that voids have some comiections with adjacent voids to 
create a structure with a significant amount of connected or "open" porosity. In preferred 
embodmients. voids have a mean diameter of less than 100 nanometers. In more preferred 
embodaments. voids have a mean diameter of less than 10 nanometers. And in still more 
preferred embodiments, voids have a mean diameter of less than one nanometer. It is fiirther 
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contemplated that voids may be uniformly or randomly dispersed within any one of the spin- 
on layers. 

As used herein, the term •*metal» means those elements that are in the d-block and f- 
block of the Periodic Chart of the Elements, along with those elements that have metel-like 
properties, such as silicon and germanium. As used herein, the phrase «d-block» means those 
elements that have electrons fiUing the 3d, 4d, 5d. and 6d orbitals surrounding the nucleus of 
the element. As used herein, the phrase «f-block" means those elements that have electrons 
filling the 4f and 5f orbitals surrounding the nucleus of the element, including the lanthanides 
and the actinides. Preferred metals include indium. sUver, copper, aluminum, tin. bismuth, 
gallium and alloys thereof, silver coated copper, and silver coated aluminum. The term 
"metal" also includes alloys, metal/metal composites, metal ceramic composites, metal 
polymer composites, as weU as other metal composites. As used herein, the term 
"compound" means a substance widi constant composition that can be broken down into 
elements by chemical processes. 

Additional layers of material may be coupled to the layered component in order to 
continue buUding a layered component or printed circuit board. It is contemplated that the 
additional layers wiU comprise materials similar to those already described herein, including 
metals, metal aUoys. composite materials, polymers, monomere, organic compounds, 
inorganic compounds. organometaUic compounds, resins, adhesives and optical wave-guide' 
20 matorials. 

A layer of laminating material or cladding material can be coupled to the layered 
inteifece materials depending on the specifications required by the component. Laminates are 
generally considered fiber-reinforced resin dielectric materials. Cladding materials are a 
subset of laminates that are produced when metals and other materials, such as copper, are 
25 incorporated into the laminates. (Harper. Charles A.. Electronic Packaging and 
Interconnection Handbook, Second Edition, McGraw-Hill (New York), 1 997.) 

Spin-on layers and materials may also be added to the layered interface materials or 
subsequent layers. Spin-on stacked films are taught by Michael E. Thomas. "Spin-On 
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stacked Films for Low ICe. Dielecfrics", Solid State Tecf,„olon, (July 2001). inco^rated 
herein in its entirety by reference. 

Examples of other additional layers of materials comprise metals (such as those Mdiich 
might be used to form via fills or printed circuits and also those included m US Patent No 
5,780.755; 6.113.781; 6.348,139 and 6,332.233 aU of which are incorporated herein in their 
entirety), metal diffusion layers, mask layers, anti-reflective coatings layers, adhesion 
promoter layers and the like. 

The compounds, coatings, films, materials and the like described herein may be used 
to become a part of. form part of or form an electronic component and/or semiconductor 
compbnent. As used herein, the term "electronic component" also means any device or part 
that can be used in a circuit to obtain some desired electrical action. Electronic components 
contemplated herein may be classified in many different ways, including classification into 
active components and passive components. Active components are electronic components 
capable of some dynamic fimction. such as amplification, oscillation, or signal control. vAich 
usually requires a power source for its operation. Examples are bipolar transistors, field- 
effect transistors, and integrated circuits. Passive components are electronic components that 
are static in operation. i.e.. are ordinarily incapable of amplification or oscillation, and usually 
require no pov.er for their characteristic operation. Examples are conventional resistors, 
capacitors, inductors, diodes, rectifiers and fiises. 

Electronic components contemplated herein may also be classified as conductors 
semiconductors, or insulators. Here, conductors are components that allow charge carriers' 
(such as electrons) to move with ease among atoms as in an electric current. Examples of 
conductor components are circuit traces and vias comprising metals. Insulators are 
components where the function is substantially related to the ability of a material to be 
extremely resistant to conduction of current, such as a material employed to electrically 
separate other components, while semiconductors are components having a fimction that is 
substantiaUy related to the abflity of a material to conduct current.with a natural resistivity 
between conductors and insulators. Examples of semiconductor components are transistors, 
diodes, some lasers, rectifiers, thyristors and photosensors. 
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Electronic components contemplated herein may also be classified as power sources or 
power consumers. Power source components are typically used to power other components 
and mclude batteries, capacitors, coils, and fuel cells. Power consuming components include' 
resistors, transistors, integrated circuits aCs), sensors, and the like. 

Still further, electronic components contemplated herein may also be classified as 
discreet or integrated. Discreet components are devices ihat of&r one particular electrical 
property concentrated at one place in a circuit. Examples are resistors, capacitors, diodes, and 
transistors. Integrated components are combinations of components that that can provide 
multiple electrical properties at one place in a circuit Examples are integrated circuits in 
which multiple components and comiecting traces are combined to peifonn multiple or 
complex functions such as logic. 

In a more specific example, about 1 gram of fluoroaUphatic polymeric ester surfactant 
was dissolved at room temperature and pressure in a co-solvent of about 4.5 grams of 
propylene glycol monome&yl ether acetate and about 4.5 grams of 2-propanol. About 10 
grams of low molecular weight cresol novolac-based resin (MW = about 1500, Mn = 800) 
vms dissolved under ambient conditions in about 15 grams propylene glycol monomethyl 
ether acetate. A loading of about 5% in weight of such fluoroaUphatic polymeric ester 
surfactant solution is added to low-molecular weight, low polydispersity cresol novolac-based 
resm solution and further diluted with about 10 grams of propylene glycol monomethyl ether 
acetate. TTus fomiulated mixture is applied to pattered substrate by spin coating. Subsequent 
to propylene glycol monomethyl ether acetate surfeceKSonditioning. the nozzle moves from 
wafer edge to center and the solution is radially applied to the substrate, which is then spmi at 
gradually mcreased speeds ranging from about 100 RPM to about 2500 RPM. Hie coated 
substrate is placed in two hot plates at a temperature of about 160°C and about 200''C for 
about 90 seconds each. 

By using these modified polymeric solutions, the thickness difference between the 
topography and open field area has been significantly reduced and 100% improvement in fihn 
plananzation property has been achieved. 
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Thus, specific embodiments, methods of foimation and applications of modified 
planarizaUon solutions have been disclosed. It should be apparent, however, to those skiUed 
in the art that many more modifications besides those already described are possible without 
departing firom the inventive concepts herein. The inventive subject matter, therefore, is not to 
be restricted except in the spirit of the disclosure herein. Moreover, in interpreting the 
specification. aU terms should be interpreted in the broadest possible manner consistent with 
the context. In particular, the terms "comprises" and "comprising" should be interpreted as 
referring to elements, components, or steps in a non-exclusive manner, indicating that the 
referenced elements, components, or steps may be present, or utilized, or combined with other 
elements, components, or steps that are not expressly referenced. 
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